Background: Polycythemia rubra vera (PV), being a primary polycythemia, is caused by neoplastic proliferation of erythroid, megakaryocytic and granulocytic lineages which result in panmyelosis. PV patients have a somatic acquired mutation in the Janus kinase (JAK2) pathway, rendering cell proliferation independent of the normal regulatory mechanisms that regulate erythropoiesis. The rational of this study was to determine the prevalence of the JAK-2 V617F mutation in Pakistani patients with PV. Materials and Methods: In this cross sectional study, 26 patients with PV were enrolled from January 2010 to December 2014. Patients were diagnosed based on WHO criteria for PV. All were screened for G-T point mutation (V617F) in the JAK2 gene on chromosome 9 by an allele specific PCR. Results: The mean age was 53.4±9.31 years (range 36-72) and the male to female ratio was 2:1. The frequency of JAK2 V617F positivity in our PV patients was found to be 92.3%. Overall 30.7% of patients were asymptomatic and remaining 69.3% presented with symptomatic disease. The mean hemoglobin was 18.1±1.9g/dl with the mean hematocrit of 55.6±8.3%. The mean total leukocyte count was 12.8±7.1x10 9 /l and the platelet count was 511±341.9x10 9 /l. A positive correlation of JAK2 V617F mutation was established with high TLC count (P=0.01). No correlation of JAK2 V617F could be established with age or gender (P>0.05). Conclusions: The JAK2 V617F mutation frequency in our PV patients was similar to those reported internationally. Screening for the mutation in all suspected PV cases could be beneficial in differentiating patients with reactive and clonal erythrocytosis.
Introduction
Myeloproliferative neoplasms (MPN) have been previously called myeloproliferative disorders are chronic, clonal hematopoietic stem cell group of disorders characterized by enhanced proliferation of one or more myeloid lineage cells (Sag et al., 2015; Yang et al., 2015) . Polycythaemia rubra vera (PV) is a indolent MPN characterized by an absolute increase in the number of red blood cells, usually accompanied by leukocytosis, thrombocytosis and splenomegaly (Ma et al., 2008; Zhang et al., 2014) .
The diagnosis of PV has always been challenging previously. Since the parameters as defined by Polycythemia Vera Study Group for diagnosis are extensive and expensive, which make difficultly in diagnostic certainty. In 2005, researchers identified a somatic acquired mutation in the JAK2 gene on chromosome 9 which has been shown to be associated with various myeloproliferative neoplasms (Baxter et al., 2005; James et al., 2005) . This identified point mutation is a G-C to T-A transversion, resulting in the substitution of valine by phenylalanine at codon 617 (JAK2V617F) (Sazawal et al., 2010 Majority of PV patients carry this acquired somatic gain of function mutation of the Janus associated kinase genes (Agarwal et al., 2015; Yonal-Hindilerden et al., 2015) . JAK2V617F has been recognized in varied subsets of each Ph-chromosome negative MPNs (Duangnapasatit et al., 2015) . Various studies have demonstrated that this mutation is present in more than 95% of the patients with PV and in 55 and 65% of patients with ET and PMF respectively (Tefferi et al., 2015) . Therefore, determination of JAK2V617F mutation is potentially diagnostic tool for PV patients.
We here sought to look for the prevalence of JAK2V617F mutation in Pakistani patients with polycythemia vera and also to determine its correlation with age, gender and hematological parameters.
Materials and Methods
This was a retrospective cross sectional study conducted at Liaquat National Hospital and Medical College, Karachi which is an over 700 bed tertiary care teaching institute, from January 2010 till December 2014.
Patients were diagnosed to had PV according to the World Health Organization (WHO) criteria (Thiele et al., 2008) . Diagnosis required meeting both two major criteria and one minor criteria or the presence of first major criteria together with two minor criteria.
Major criteria included i) Hemoglobin >18.5gm/dl in male or >16.5gm/ dl in women; ii) Demonstration of JAK2 V617F mutation;with minor criteria; iii) Bone marrow biopsy showing hypercellularity for age with panmyelosis; iv) Serum erythropoietin levels below the reference range from normal.
In vitro culture of erythroid colonies was not assessed as this facility is not available in our country. Complete blood counts were determined by Automated Cell Dyne Ruby Counter (Abott, Diagnostics). Blood sample of all the patients were taken in an Ethylene-diamine tetra acetate anticoagulant tube and PCR was performed for G-T point mutation (V617F) in the JAK2 gene on chromosome 9 by using allele specific primers. Bone marrow aspirate and trephine biopsy specimen were performed with Jamshidi needle, were evaluated by specialist hematopathologists. Serum erythropoietin was measured by ELISA technique through automated analyzer.
Approval from the institutional ethical review committee for the study was obtained prior to study.
Statistical analysis
Data was collected and analyzed using SPSS windows version 22 statistical package (SPSS Inc, Chicago, IL, USA). The results were expressed as mean ±SD for quantitative variables and qualitative variables are presented as frequency and percentages. Student't' test was applied for the comparison of mean. Data were considered statistically significant at P value <0.05. Chisquare test was applied to assess the correlation.
Results
A total of 26 confirmed Polycythaemia vera patients were included in this study. The mean age of patients was 53.42±9.31 years (range 36-72). Out of 26 patients, 17 were males (65.3%) and 9 were females (34.7%) with male to female ratio of 2:1.
Overall 18 (69.3%) patients were symptomatic and remaining 8 (30.7%) were diagnosed incidentally. In symptomatic patients, major complaints were headache (30.8%); abdominal discomfort (23.07%); blurred vision (15.3%); pruritus (11.5%) and vascular accident (11.5%). The most common vascular event was transient ischemic attack (7.6%), while one patient (3.8%) presented with Budd-chiari syndrome. Physical examination revealed plethoric face and splenomegaly as predominant findings detected in 34.6% and 30.7% patients respectively.
The mean hemoglobin was 18.14±1.9 g/dl (range 16.5-22.1) with the mean hematocrit of 55.6±8.3%. The mean total leukocyte count was 12.8±7.1x10 9 /l (range 4.3-28.6) and platelets counts of 511±341.9x10 9 /l (range 132-1462). Mean serum erythropoietin was 6.86±5.4 u/mI. JAK2 V617 F mutation was positive in 24 (92.3%) patients out of total 26 study subjects. No correlation could be established between JAK2 V617F positivity with age and gender (P>0.05). However comparative analysis revealed significantly high total leukocytic count of 13.3±7.1 in JAK2 V617F positive patients group as compared with negative group that was 7.3±3.2 (P=0.01).
Discussion
Polycythaemia vera belongs to clonal myeloproliferative neoplasms, exemplified by increased red cell proliferation, hyperviscosity, thromboembolism and intermittently overt bleed (Zhang et al., 2014; Tefferi et al., 2015) . The present study detected the somatic JAK2 V617F mutation in 92.3% of Pakistani patients with PV.
There are limited studies reported from Pakistan on this hematopoietic malignancy (Khattak et al., 2012; Sadiq et al., 2013) . It was noted that the prevalence of JAK2V617F mutation in our patients from southern Pakistan was comparable with that reported in the previous local studies (93.5% and 100%) from Pakistan (Khattak et al., 2012; Sadiq et al., 2013) . JAK2 V617F positivity in PV has been observed from various racial backgrounds ranging from 80% to 100% (Karkucak et al., 2012; Sadiq et al., 2013) . When compared with earlier reports, our results are intermediate with regional studies reported from India and Malaysia; 82% and 95.8% for JAK2V617F mutational expression respectively (Sazawal et al., 2010; Hamidah et al., 2012) . Other studies from Turkey reported the frequency of JAK-2 positivity in 80% and 95% of patients with PV respectively (Karkucak et al., 2012; Payzin et al., 2014) . Similarly, JAK2 mutation in Taiwanese patients with PV was detected in 28 out of 33 patients (85%) (Lieu et al., 2008) . The positivity rate for JAK2 was 90.6% in one Iraqi study conducted on patients with polycythemia vera (Al-Thwani et al., 2010) .
Compared with data from developed countries outcome are more or less similar. Recent study from China also reported the similar prevalence (87.6%) in their patients that is comparable to our findings (Ren et al., 2015) . Subsequently, Kiladjian et al. (2012) from France also reported mutational frequency as 95% in their study. Mutational frequency was determined as 88% for JAK2V617F in a large series from the European country (Duletic et al., 2012) . JAK2 V617F mutational expression in PV obviously segregates the disease into two broad categories. It has been also reported previously that PV cases with JAK-2 positivity displays a higher leucocyte count and haematocrit value as compared with negative phenotype (Zhu., 2011; Ren et al., 2015) . These findings suggest that JAK-2 expression might reflect a sustained activation state of the hemopoeitic stem cell malignant clone.
One Chinese study reported significant correlation between high TLC counts and JAK-2 mutation in patients with polycythemia vera (Zhu., 2011) . In the present study, significantly high total leukocytic count of 13.3±7.1 was seen in JAK2 V617F positive patients group as compared with negative group that was 7.3±3.2 (P=0.01).
However in conflict to previous reports no correlation was established with high hemoglobin and JAK2 mutation in the present study (Ren et al., 2015) . Also no correlation was established with age and gender. The findings need to be validated in study with the larger sample.
The smaller sample size and retrospective nature of study are our major limitations.
In conclusion, this study provides local informative facts, revealed that V617F mutations were present in the majority (92.3%) of Pakistani patients with PV. Mutational screening for JAK2V617F by PCR should be incorporated into the initial evaluation of patients suspected to have polycythemia, which will reasonably distinguish between reactive and clonal erythrocytosis.
